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METHODS
By R ...y C. FRIESNER
The time and character of height growth in conifers has been
studied by several American investigators but, so far as is known to
the writer, these studies have included only two species of pines and
all have been done in New York or New England States. These
previous studies have included the following areas and species:
Pinus l'esinosa., New York, Baldwin (I), Cook (2), Tryon and Finn
(6); Connecticut, Kienholz (4); New Hampshire, Kienholz (3);
Pinus strobus, Connecticut, Stevens (5). Since an opportunity was
afforded on the author's own plantings in Brown County, Indiana,
to study these two species and P1:nus sylvesl1-is, in addition; and to
study an additional species, viz. P. ba'l'/ks'iana, on the nearby plantings
of Mr. Charles Youngman, it was thought worthwhile to present
these data on these additional species and on species previously
studied but from a very eli f ferent geographical area. The work of
Cook (2) and Kienholz (4) wcre published several months after the
present work was well under way and did not come to the writer's
attention until after the present data were complete.
VERTICAL GROWTH IN FOUR SPECIES OF
PINES IN INDIANA
On March 22, 1941, 50 specimens each of Pinus strobus, P. resin-
osa, P. sylvestris and P. ban.ksiarza were selected for stndy. The
lengths 0 f the terminal bud, the height, and the approximate age of
each tree was noted and each was marked by a number inscribed with
India ink on a linen tag. The approximate age of each species except
P. bau.!?w:a.na, was determined by counting the number of annnal
"internodes" a f growth present. These trees showed from 3 to 8
"internodes" of growth. The individuals of P. l'es·inosa and p, syl-
vestris were transplanted in April, 1936, while those of P. strobus
were of two lots, one transplanted in April, 1936, and the other in
April, 1938. The individuals of P. banks-ioHa were transplanted in
April, 1938. It is thus apparent that all specimens had become well
established. At the beginning of the observation period the specimens
of P. strobus showed a height range of 19-312 em: the range for
P. resi1'losa was 56-178 cm, that for P. sylvestr·is was 77-294 cm. and
for P. bauksiana. it was 71-154 cm.
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Measurements were made by sliding a short arm attached at right 
angles on a vertical millimeter scale, the bottom of the latter restin~ 
each time on a rust-proof pin which completely pierced the stem 
within the level of the topmost false whorl of lateral branches. The 
upper limit of measurement was the tip of the growing point of the 
twig and, as soon as it was formed, the tip of the terminal bud con­
taining the next year's primordia. NIeaslIrements were taken weekly 
fr0111 March 31 to October 16 and a final one on December 4. 1941. 
All were made to the nearest mm. 
All specimens except those of P. ba,111u.£ol1n were on a hillside with 
gentle to moderate slope and with north, west, and northwest expo­
sure. Those of the latter species were on a nearly level site on top 
of a ridge. The entire area belongs to the so-called Knobs area of 
Indiana. This area is characterized in its native condition by Qllercus 
alba, Q. velutilla, Q. 111011/011.0" Caryo OValo.. C. glabra and C. ovalis. 
The area receives an average-expected annual rainfall of 40.46 
inches. That for the year during which the measurements were taken 
was 32.80 inches which is 81.07% of the normal-expected for this 
area. From table I it will be seen that rainfall for the first 5 months 
of the year 1941 was much below the normal-expected. Not until 
Jline, when most of the growth in most of the specimens was over, 
did rain fall exceed the usual. The site is approximately 1.100 feet 
above sea level. 
RESULTS 
CHARACTER or ELO~GATr01\' CURVES 
Vertical growth was begun by all species during the week ending 
April 13. From table II it will be seen that every individual of 
P. banksiano, 82% of P. s)llvcstris, 96% of P. l'esinosn and 30% of 
P. st1'obus began growth dllfing this week. The majority (66%) of 
individuals of P. strob1fs and 16% of P. s)dvcsfris began the follow­
ing week while two individuals of P. Sf1·Ob11.l' and one of P. syh'cslris 
were delayed until the thi rd week. 
Individual curves were plotted showing the course of the growth 
activity for each of the 200 trees studied. A careful survey of these 
curves showed that they fall into 9 different types, one each of whieh 
is shown in curves A to I inclusive in fig-ure 1. These eurye types 
may be characteri7.ecl as follows: 
Curves of type A (fig. 1) are essentially symmetrical, i. e. after 
one or two weeks of slower growth they rise steeply to a maximum 
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and then decrease in a very similar, except inverse, {)rder to the mid­
summer zero. All curves of all types show somewhat oscillating 
small amounts of elongation for a number of weeks following the 
midsummer zero period. This will be discussed after the character 
of the main growth has been disposed of. Curves of type A are not 
frequent. Table III gives the frequency of the various types of 
growth curves exhibited by these four species of pines and there it 
will be noted that curves a f type A occm in 6 individuals 0 f P. 'l"eSil1­
osa, 3 of P. S)'lvfslris, 1 of P. ba-nks-ia-na. and none of P, strobus. 
This makes a total of but 5% of all of the curves. 
Curves of type B (fig. 1) t1iffer from those of type A primarily 
in that there is a less conspicuous initial drag, the curve rises more 
steeply to the peak and descends less rapidly and over a longer period 
of time to the midsummer zero point. Curves of type B are thus 
steeper on the lef t than on the right. This type of curve is somewhat 
more frequent than type A and occurs (table III) in 3 individuals of 
P. st?'obus, none of P. ?'cs£noso" 7 of P. sylvcstris, and 9 of P. bal1ksi­
ana making a total of 9.5% of all individuals measured. It is worthy 
of note that, while this is the type of curve shown for P. rcsinosa by 
Kienholz (4), it is not exhibited by a single individual of this species 
in the present study. The curve shown by Kienholz, however, is not 
one for a particular individual but a cmve obtained by averaging a 
number of individuals over a period of years. 
Cmves of type C (fig. 1) are similar to those of type B except 
that they are the reverse of each other, i. e. those of type C present 
a much more rapid decline from the peak of most rapid elongation 
to the midsummer zero than the rise from initiation of growth to the 
peak. Cmves of type C are thus milch steeper on the right while 
those of type B were steeper on the left. Curves of type C are milch 
more frequent in P. strobus and P. resiHosa than in any other species 
and are also more frequent in these two species than any other types 
of cmves are in these same species. In table III it will be seen that 
curves of type C occur in 15 (30%) individuals of P. st?'obus, 22 
(44%) of P. l'esi11.osaJ 3 (6%) of P. sylvcstris and none of P. bank­
s'iana. This makes a total of 20% of all individuals of all four 
species. Apparently this same type of curve was exhibited by 
P. iesinosa in the results of Cook (2). 
In curves of type D (fig. 1) the peak of elongation is maintained 
at a nearly uniform rate for 2 or, in some cases, 3 weeks, thus g-iving 
the curve a flat top. These curves are similar to those of type C in 
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that they are steeper on the right than on the left. This type of 
curve is found most frequently in the same species where the pre­
ceding one is found, viz. P. strobus (12 individuals) and P. rcsinosa 
(10 individuals, table III). In spite of the fact that these individuals 
show a sustained peak they do not, on the average, show a greater 
total growth than individuals exhibiting other types of curves. 
Curves 0 f type E (fig. 1) show a temporary pause in the rate 
of acceleration of elongation and thns exhibit a flat place (plateau) 
somewhere near the peak on the left side. In these individuals some 
unknown internal factors result in a temporary failure of the regular 
weekly increase in growth rate after which the rate speeds up and 
continnes to the maximum rate. Curves of this type are found 
(table III) in 4 individuals of P. strobus, 2 of P. resinosa, 3 of 
P. s'Y'ves/'r-is and are absent in P. banksialla. 
Curves of type F (fig. 1) differ from those of type E in that 
the flat place or plateau is on the right or descending side of the 
curve. These curves result f rom a temp<lrary holding of a rate of 
growth for a second wcek at a higher point for this second week 
than would have been expected in the light of what this individual 
had been doing. This type of curve is found (table III) in 3 indi­
viduals of P. strobus, 1 each of P. r('siuosa and P. sy!ves/r-is and 2 of 
P. bnnksiana. 
Curves of type G (fig. 1) (;xhibit a double peak in elongation 
rate, the 2 peaks being of abont equal intensity. Such a curve is an 
indication that the individual had elongated at a rate which tempor­
arily exceeded the ability of internal factors to support it but after 
a period (usually 1 week) of deceleration these factors gained new 
momentum suf ficiently to restore the elongation to a rate equal in 
intensity to that of the first peak. These curves are rare, occurring 
(table III) in only one individual each of P. strobus, P. rcsi1wsa, and 
P. sylvestris. 
Curves of type H (fig. 1) also show two peaks of elongation but 
-differ in that they are not of equal intensity. After the first peak 
'is reached there is a temporary slowing followed hy a new accelera­
tion which continues to a peak higher than that previously reached. 
This type of cmve was found (table III) in 6 individuals of P. s/ro­
bus, 6 01 P. resina-sa" and 4 of P. sylvest-ris but was absent from 
P. banksiana; thus occurring in 8% of all individuals studied. 
Curves of type I (fig. 1) are similar to the last 2 mentioned 111 
that they exhibit double peaks of elongation rate but differ in that 
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the higher peak is reached first and the lower peak occurs as a tem­
porary increase during the time of decelerating growth. This is the 
predominating type of curv(' in both P. s'ylvestris and P" banksiana, 
occurring (table Ill) in 27 individuals of the former and 38 of the 
latter species. It thus occurs in 54% and 76% respectively of the 
inuividua Is studied in these species. This type of curve was also 
found in 6 indiviuuals of P. strobus and 2 of P. resil1osa. 
TIME OF M.,\X1MUM ELO:\G.\TWN 
Table IV presf:nts the data regarding the time of the peak in 
elongation rate. Individuals exhibiting more than one peak are shown 
f01- the uate upon which the highest peak occurred. It will be noted 
that everyone of the individuals of P. ballksiwUl reached their highest 
peak during the week ending ~V1ay 4 which, in every case, is 4 weeks 
after elongation began (d. tahles II and IV). While these trees all 
reached their peak in growth rate within 4 weeks it should also be 
noted that 76% or them (table T11) exhibited a second hut somewhat 
lower peak after the first one occurred. 
The majority of P. syhJf.stris (74%, table IV) also reached theil' 
peak of elongation rate during the week ending May 4 which was, for 
most of them, 4 weeks after initiation. Initiation oi elongation oc­
curred in 82% of the individuals (table II) during the week ending' 
April 13, but only 74% reached their peak in rate within the 4-week 
period. The majority of individuals showing this 4-we('k period of 
acceleration (27 out of 37) showed a second but lower peak following 
the primary one. 'While the majority of the individuals showed t(1(' 
short (4-week) period of acceleration of elongation, 18% showed a 
longer period reaching their peak during the week ending :\'1ay 26. 
These were for the most part individuals which began elongating dur­
ing the week ending April 20 (table II and IV) and hence have used 
6 weeks in reaching their peak in rate. 
Pinus re.\-i'/1osa. in every instance used a longer period of time for 
its acceleration of elongation. In table IV it is noted that 60% of 
the individuals reached their maximum rate dnring the week ending­
?\'1ay 26 and 28% reached it during the preceding week, It is thus 
apparent that 6-7 weeks elapsed for 1I10st of these individuals, and 
even 8 weeks for some, between initiation and maximum rate of 
elongation since 96% of them (table II) began during the week end­
ing April 13. Kienholz (4) shows 6 weeks in his "average" curve 
for this species. Ki('nholz found the peak in elongation rate for this 
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Comparison of these data (table IV) with rain fall for the months 
preceding and during the period of accelerating growth (table 1) may 
throw :;0l11e light upon hath the elapsed time and the double peaks 
shown in Cl1rves of type I (table Ill). 
rainfall throughout the iirst 5 months of the year 1941 was far below 
the norm<tl-expected for this area. 
alld jfay did the rainfall approach even 50%. 
the 5-month period was only 35.94% of tbe normal-cxpected. 
,lI1ee of rain came in June when 181.23% of the normal-expected fell 
hilt this was after hath primary and secondary maxima in elongation 
rate were reached in every individual. 
in the secondary maxima reached by 54% 
P. syh'csfris, and 76% of those of P. banksiana (table III) since all 
were over before the rains came. 
ing ,\pri! and, more particularly during May, may have brought the 
maxima in elongation 
more water had been available but it is more probable that its effect 
had more to do with the total amount of elongation. 
THE MIDSUMMER Pt\USE 
Elongation rate in all individuals declined from the maximum to 
zero or near-zero. This zero-point was 
of all species dnring the 2-week period ending J tine 23 
It was reached during the week ending June 16 by more individuals 
than during the following week hut the total time-spread 
lSI 
reached for the majority 
(table V). 
necessary 
(3) and 
Finn (6) found it to 
for 30% during l"he 
for 
]Vlaximum rate occurred for 
spread of 5 weeks with 670 reaching" 
The time elapsed thus 
Stevens (5) iound the maximum in rate 
Tt will be noted in table I that 
Only during the months of April 
The total rainfall for 
Abllnd­
These J line rains had no part 
of the individuals of 
The small amount of rainfall dnr­
rate earlier than would have been the case i i 
for all individuals to reach it was 7 weeks. The time elapsed between 
the maximum in elongation rate and the midsummer zero-point wa:; 
4-9 weeks for P. bG1:ksiana, 4-7 for P. sylvcst-ris, 3-7 for P. l'csinosa 
and 3-6 for P. strobus. By comparing table IV and V it will be seen 
that the first individuals to reaeh the midsummer zero are doing so 
by the time the latest olles reach their peak in elong'ation rate. It 
should also be noted that the zero point is reached by the majority of 
individuals at the very time when available water is the lllOst 
abundant. 
The time elapsed between initiation of elongation and the mid­
summer pause is shown in table VI where the number of individuals 
showing each elapsed amount of time is shown in relation to starting 
height of the tree. It will be noted that from 7 to 12 weeks elapsed 
between initiation and midsnmmer paus~ in P. strobu.f with the ma­
jority of the individuals continuing elongation 8-10 weeks. Tn P. 
rcsi'l1osa the time is 8-10 weeks with the majority using 9 weeks. 
Kienholz (4) fOl1nd this time to average 60 days at Keene. N. B., 
and Baldwin (1) found it to be 69 days at Ithaca, N. Y., while Cook 
(2) fonnd it to vary from 4S to 63 days over a 5-year period near 
Stephentown.. N. Y. In P. syl-vestl'is the elongation period varied 
from 8 to 12 weeks with the majority l1sing 8-9 weeks while in 
P. ba.nksicwa the til11e is 7-12 weeks with the majority llsing 8-10. 
Table VI shows no detectable relation between amount of time used 
for elongation and height-classes of trees nor is there any apparent 
correlation between the time of initiation of elongation and the length 
of time during whieh it will continue. 
ELONGATIO\T FOLLOWING THE MIDSUMMER PAUSE 
A fter a midsummer pause of 1-4 weeks (usually 1 week) all 
species showed small increments of renewed elongation activity vary­
ing from zero up to 13 mm in anyone week and totalling from 2 to 
74 mm for the entire post-midsummer season. This range was 2-24 
mm in P. sfl'obus; l6-40mm in P.1'esi-nosa.; 6-41 mm in P. syl'vesll'is; 
and 10-74 nun in P. ba11-ks·ialla. In 21 individuals out of the 200 
measured the total elongation occurring after the midsummer pause 
was appreciably greater in amount than the original length of the 
winter buds at the beginning of the observations. It is reasonably 
certain that except for these 21 individuals the post-midsummer 
elongation observed is due to new bud elongation. Of th~ 21 indi­
viduals one was P. stl'obus and attained a post-midsummer elongat.;on 
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1 length 0 f the 
t is reasonably 
5t -Il1i dsumme r 
)[ the 21 indi­
Il11er elongation 
of 1-1 mm in excess of the length of the terminal bud at the beginning 
of the season: 3 were P. rcsi'nosa attaining an excess of elongation 
over original length of bud of 12, 10 and 10 111111 respectively; 1 was 
P. sylvestr-is and attained an excess of elongation of 21 Il1111; and 16 
were P. banhia1/.a in which the elongation excess ranged from 10-49 
mm. It is reasonably certain that these 21· cases represent real stem 
e!ongation after midsummer pause. 
l 
Two instances not included in the above were observed where 
the terminal bud awakened and gave rise to a short additional "inter­
node" of growth. These were both in P. strobu.s and each one added 
all additional 33 mm of primary growth to that formed before the 
pause. The Cllrve for P. 1·esir/.Osa in Kienholz's (4) paper apparently 
shows this post-midsummer-pallse elongation but Cook's (2) data 
do not show it. This is no doubt due to his method of measmemenL 
His measurements were taken weekly using a wooden yardstick and 
were read to the nearest one-quarter inch from a starting point 
marked with paint or wax crayon. The individual we~kly increments 
following the midsummer pause were almost always too small to be r detected by measurements of this type.I Table VII gives a picture of the time during which this exira 
elongation occmred. From the table it will be noted that 18% 0 f the 
individuals of P. stroblls continued the extra growth until and includ­
ing the week ending September 11, 3670 stopped after the following 
week and 8% showed some elongation between October 16 and 
December 4. The majority of the individuals of P. resinosa showed 
no further elongation after October 9. but 20% still showed elonga­
r	 tion between October 16 and December 4. In P. sylvestris elongation 
entirely ceased in the majority of the individuals by October 2; and 
in P. bO.lIksialla. the majority ceased by October 9. These dates ap­
pear late but they must be taken along with the fact that the rain fall 
for October was 232.40% (table I) of the normal-expected while 
the temperatme continued unusually mild well into December. 
TOTAL SEASONAL ELONGATION 
In table VI the individuals are divided into height-classes and the 
average seasonal increment for individuals of each class is given. In 
all fom species it will be noted that there is a definite refation between 
total increment and height of tbe individuals at the beginning of the 
season. Thus ii1 P. strobus each succeeding taller class grew more 
th:111 the class below it. The average ranged from 132 mm for the 
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height-elass below 50 cm to 518 mm per individual for the height­
class above 300 cm. In P. "rls,:nosa the average elongation per indi­
vidual was 339 mill for individuals initially 100 cm or less high, 432 
mm for individuals in the 101-150 cm height-class, and 505 mm for 
those in the 151-178 cm height-class. The average total seasonal 
increment for P. 1'('s7110sa reported by Cook (2) ranged from approx­
imately 275 mm to 513 nlm. In P. sylvestl'is the data show increas­
ing average elongation with increase in height-class up to the 201­
250-cm class hut decreased elongation ill one individuat above that 
class. Average total increment varies from 303 to 787 111t11. In 
P. ba1Iksia,w. thc average increment per individual is 567 mm for 18 
individuals of 100 cm or lcss initial height and 606 mm for 32 indi­
viduals initially bctween 101 and 139 cm high. It will be noted that 
P. banksiana shows the greatest average increment in relation to 
initial height with P. sylvestris second and r. 1"('s.£nosa third. 
The present data do not deal with the question of relation between 
total growth and rainfall. There is 110 certain effect of rainfaH upon 
the periodicity of growth or the type of curve exhibited. 
DISCUSSION 
From the practical standpoint of fore~try the differences in the 
various types of curves exhibitcd by these pines is of little signifi­
cance since thcy hear little or no relation to total <llllOunt of elonga­
tion for the season. It is truc that the average elongation per indi­
vidual is higher in P. sylvestTis and P. banks/aliG. (table \'11) whefe 
curves of type I (table III) predominate but this difference is more 
likely a species eli f ference rather than an elongation-type eli fference. 
On the other hanel, from the standpoint of theoretical internal phy­
siology, they are of considerable signi ficance. All of the curves 
illustrate a grand-period type of behavior which results in a period­
icity of elongation, the essential character of which is not obvionsly 
affecteel by extern<ll factors. The time when the elong'ation begins, 
the height of its peak, and the total <ll11ount of elongation are un­
doubtedly affected by external factors of the present season and 
indirectly, through amount of food reserves, by external factors of 
the past season. The effect of the total amount of elongation in one 
season upon that of the following season and their relation to external 
factors of the environment will be presented in a subsequent paper. 
A eliscussion 0 f the internal factors responsible for the grand­
period type of growth bchavior woulel be out of place here but it 
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for the g-ratld­
lace here but it 
should be pointed out clearly that every type of curve exhibited by 
these pines except types A, D, and C present a modification of the 
simple grand-period behavior wherein a life process begins. slowly, 
accelerates with increased tempo to a maximum then decelerates in 
somewhat the same, except inverse, order to a dragging minimum 
followed by complete cessation. 'vVhen a modi fication of the simple 
grand-period type of bebavior occurs on the left or accelerating side 
of the curve (curve-types E and H) the internal factors are more 
likely to involve modification 0 f enzyme action in rendering food 
reserves available, assimilation reactions and water conduction prob­
lems than a matter of dwindling amount of food reserves. \,yhen a 
curve shows a flat top (curve D, table III, fig. 1), it is possible that 
the maximum amount of enzymeg, has been reached while the food 
reserves are still high and elongation rate is conditioned by rate of 
enzyme activity in rendering reserves available for assimilation and 
respiration. \,yhen the modification in the curve occurs on the right 
or decelerating side (curve types F and I). amount of enzymes can 
bardly be a factor since the total amounts are already greater than. 
necessary, in view of the fact that they are not used up in the chemical 
reactions they promote. Such modi fications are more likely related 
to dwindling supply of reserves. That they are due almost entirely 
to internal factors seems to be further indicated by the fact tbat, 
even though available water supply was greatly increased by exces­
sive rainfall ill early June this had no effect in modifying an already 
rapidly-declining elongation rate. The midsummer zero period was 
reached (table V) by the majority of individuals of all species at 
the very time when available soil water was at its highest for the 
season. 
SU)'vlMARY 
I. Elongation was measured in 50 individuals each of Pi1l1/,s 
strobus, P. res'iuosa, P. sylvestris and P. banksiana weekly from 
March 31 to .october 16 with a final reading on December 4. 
2. Elongation began for the majority of the individuals of the 
last three named species during the week ending April 13 and for 
the majority of P. strobus during the following week. 
3. All individuals show a g-rand-period type of elongation be­
havior with the curves falling into 9 different curve-types. 
4. The max.imum in elongation rate was reached by all of the 
individuals of P, bonksia.na and the majority of those of P. syhl('stris 
lSS 
·during the week ending May 4 which was 4 weeks after initiatiOll. 
In P. res-inasa, the time thl1s elapsed was 6-7 weeks and in P. strobl"s 
it showed a spread of 4-7 weeks. 
5. Abundant rains coming in June when all individuals were 
rapidly decelerating in elongation had no J1leasureable effect in stop­
ping the declining rate. 
6. A mid~l1mmer zero-point in elongation rate is reached by all 
individuals. It is reached during the week ending June 16 by more 
individuals than during any other one week and by the majority of 
individuals of all species during the 2-week period ending June 23. 
7. All species show a period of post-midsummer activity after 
a midsummer-zero point has been reached. JJ1 most of the indi­
viduals this extra elongation is due to bud activity but in some it is 
undoubtedly tme axial elongation. 
8. Total average seasonal increment per individual increases 
with increased 'initial height. This increment is 132-518 llllTI in 
P. strobus; 339-505 mm in P. resino.w; 303-787 mm in P. sylvestris; 
and 567-606 mm in P. banksiana. 
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TABLE I 
Rainfall for the year 1941 as determined by the U. S. \Veather Bureau at 
Columbus 17 miles from the site under observation. 
Month Rainfall Normal·Expected % of Norm.1 
January 1.25 in 3.69 in. 33.87 
February 0.95 2.45 38.77 
March 0.47 3.97 11.84 
April 2.02 3.72 54.30 
May 1.68 3.49 48.25 
June 6.58 3.63 181.23 
July 0.48 2.87 1672 
August 3.45 3.72 92.74 
September 3.20 3.71 86.25 
October 7.46 3.21 232.4Q 
November 2.35 2.78 84.53 
December 2.91 3.22 90.37 
Total 32.80 40.66 81.07 
Jan.-May 6.37 17.32 35.94 
Aug.-Oct. 14.11 10.64 132.62 
TABLE II 
Initiation of ~'ertical growth. Percentage of tre~s beginning gro\\'th during 
weeks shown. 
Week Ending P. ,strobus P. re.ri,wsa P. syl:lc.rtn·s P. baHJI.,i'1'a"o. 
April 13 30% 96% 82% 100% 
April 20 66 4 16 0 
April 27 4 0 2 0 
TABLE III 
Distrihution of cnrve types among the species studied. Figures indicate the 
number of individuals of each species exhibiting each type of curve. 
Curve types P. strobus P. rrsi.1!Osa P. syl1·csf.ris P. haHksi.awJ 
A. Slopes of curve about ulli form 0 6 3 1 
B. Slope steeper on left 3 0 7 9 
C. Slope steeper on right 15 22 3 0 
D. Flat top-mostly steeper on right 12 10 1 0 
E. Plateau on left 4 2 J 0 
F. Plateau on right 3 1 1 2 
G. Double peak-about equal 1 1 1 0 
H. Double peak-lower on left 6 G 4 0 
1. Double peak-lower all right 6 2 27 38 
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TABLEJV 
Time of peak in rate of elongation. Percentage of trees showing peak 
each week. Hei~hl 
Class('~ 
Week Ending P. ~trob"s P. rt.si~losa p~ .sy(-:,,'cstri..; P. ba'llksiana 
-- ----. 
May 4 6% 0% 74% 100% 
May 11 18 2 6 0 
May 19 14 28 0 0 
May 26 38 60 18 0 
June 2 24 10 2 0 
TABLE V 
Time of midsummer zero period. Percentage of trees reaching zero period 
each week. 
\Veek Eliding P. strobu.s P. r,·.si'~o.ra· p, .:iyl~/cstrls P. bOHJuioJlQ 
June 2 
Jnne 9 
June 16 
June 23 
June 30 
Jnly 10 
July 17 
0% 
4 
44 
32 
12 
.. 
4 
0% 
2 
66 
8 
& 
6 
10 
2% 
14 
54 
18 
6 
4 
2 
2% 
16 
44 
20 
16 
2 
0 
TABLE VI 
Showing relation of height classes to time of initiation of growth, time 
elapsed between initiation of growth and midsummer pause, and total seasonal 
growth. 
77-100 
101-150 
151-200 
201-250 
251-294 
71-100 
101-139 
Time or 
aher the ,~. 
\Ve.ek 
July 
;\ngllS-' 
Sept. 
Oet. 
Height 
Cbsse.., 
No. of 
Individ· 
uals in 
each 
class 
No. of indlviduals 'Veeks elapsed bE't \vecO 
begiIlning growlh illitiarion of growth and 
during week ending rnldsummer pause 
4'13 4. 20 4'27 7 8 9 10 11 
Piu1I.'; strobus 
l2 
Average 
total 
Growth 
for SC.:lson 
, 
I 
Elolig. 
after t 
19-50 cm 6 :I 3 2 3 1 132mm 
51-100 
101-150 
6 
11 
3 
2 
3 
9 1 
3 
2 
2 
5 
1 
3 
213 
313 I, 
151-200 
201-250 
301·312 
21 
5 
I 
9 
2 
II 
2 
I 
I 
I 
7 
1 
4 
1 
7 
3 
I 
1 2 347 
367 
518 
l 
I 
Pinus rrsitl.()sa 
56-100 12 11 1 2 8 2 339 
101-150 27 26 1 1 22 .. 432, 
151-178 11 II 1 8 2 505 
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TABLE VI-(Continued) 
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3 
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132mm 
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r No, of Individ· 
uals in 
Height each 
Classes c1a~~ 
77-100 4 
101-150 21 
151-200 22 
201-250 2 
251-294 1 
71-100 18 
101-139 32 
~o. of individuals 
heginning growth 
-during week ending 
4' IJ 4-.10 4- 2 7 7 
\Vcc-ks e)aps€d b€lureCIl 
initiation of growth and 
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8 9 10 II 12 
AveTage 
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Growtb 
for seaSOll 
2 
17 
18 
2 
1 
18 
32 
1 
4 
4 
PinllS s.I'hcslris 
1 2 2 
7 13 
3­ 11 
I 
filllls ballksiaua 
3 9 
1 5 17 
7 
) 
4 
7 
) 
) 
2 
-l 
2 
303 
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605 
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TABLE VII [ Time of cessation of elongation, after the weeks shown below_ 
Week Ending P. strob~Jl.s 
Percentage of trees showing 
P.1'('.(-il-lo,'\'1], P. s.\'!l;l!stt-·i.f 
no elongation 
P. ba'Hks·i(1na 
July )7 4% 
August 7 2% 
14 2 2 
21 2 4 
28 2 4 
Sept. 4 2% 8 4% 
II 18 10 12 6 
18 36 14 14 10 
25 14 14 28 )4 
Oct. 2 () 20 10 24 
9 4 14 8 24 
I 
I 
16 
Elongation 
after 10-16 
4 
8 
6 
20 
4 
4 
8 
10 
i 
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